A variety of animal models have been developed to study ALI but none of them fully reproduce the human disease (12) . Animal models of sepsis-induced ALI include the administration of endotoxin, live bacteria, or the creation of a nidus of infection such as cecal ligation and puncture (CLP). The CLP model closely replicates the clinical picture of sepsis encountered in human patients and has become the most frequently used model of sepsis (13, 14) . However, CLP has been used in fewer studies investigating lung injury relative to the other animal models (12) . From previous studies that have used CLP, it is unclear if lung injury develops in this model (15) (16) (17) (18) (19) .
The association between lung injury and mortality is still not well understood in either human sepsis or animal models of the syndrome. Our study used a carefully characterized CLP model of sepsis to determine the extent of lung injury that develops after sepsis. Positive control mice were given intratracheal Pseudomonas aeruginosa to induce significant lung injury as a comparison. P. aeruginosa is a common cause of Gram-negative nosocomial pneumonia (20) capable of causing severe or fatal infections (21) . Previous experimental studies show that P. aeruginosa leads to the development of ALI, characterized by substantial alveolar protein-rich edema (22) . The recruitment of airway neutrophils is also a major component of the initial host immune response to P. aeruginosa (23) . Multiple cytokines that regulate host lung defense and inflammation are increased during this bacterial infection. A variety of histological abnormalities are seen in the lung including fibrinous exudate, polymorphonuclear leukocytes, hemorrhage, and alveolar septal necrosis (24) . Impaired oxygenation may significantly affect pulmonary physiology and survival in P. aeruginosa infection. Mice receiving intratracheal normal saline are not expected to exhibit lung injury.
In our study, lung function and histological characteristics of CLP mice were obtained to evaluate for the presence of pulmonary injury. Because inflammation may occur without injury, several parameters of pulmonary inflammation were also analyzed. Septic mice were sampled and euthanized at 24 and 48 hrs in the acute phase of sepsis. Differences between predicted survivors and nonsurvivors, separated based on the interleukin (IL)-6 levels in the plasma collected at 24 hrs post-CLP, were specifically investigated.
MATERIALS AND METHODS

Animals
Female Institute of Cancer Research mice (Harlan Laboratories, Frederick, MD) were used. Mice were acclimated to the housing room in a temperature-controlled room with a diurnal cycle of 12 hrs light and 12 hrs dark for at least 72 hrs before experimentation. They were provided food and water ad libitum for the entire experiment. The experiments were approved by Boston University Animal Care and Use Committee.
Experimental Design
Forty-eight mice were followed for survival until death or Day 28 post-CLP and used to verify the IL-6 discrimination values for prediction of mortality. For all other experimental and control groups of mice, respiratory parameters were obtained 3 days before intervention to assess baseline respiratory physiology. Body weights were recorded at baseline and then measured daily until time of death or euthanasia. Groups of 10-20 mice underwent CLP followed by facial vein bleed 24 hrs later to measure a complete blood count with differential and the IL-6 level in the plasma. Mice were stratified into Die-P and Live-P. On the day of euthanasia at 24 or 48 hrs post-CLP, pulmonary physiology measures were repeated and pulse oximetry with a collar sensor (STARR Life Sciences Corp, Mouse Ox, Oakmont, PA) was obtained. Mice were anesthetized with ketamine/xyalzine and underwent surgical dissection to expose the carotid artery for puncture and arterial blood gas analysis. The remainder of the murine blood volume was collected for cytokine analysis. After tracheal cannulation, a single lung bronchoalveolar lavage (BAL) of the right side was performed. The right lower lobe was used for wet/dry weight ratios and the remaining three lobes stored at −20°C for myeloperoxidase (MPO) assay. Subsequently, the isolated left lung was insufflated with a standard 25-cm column height of formalin to ensure uniform expansion and collected for routine histological processing. Based on plasma IL-6 measurement, there were Live-P, n = 5; Die-P, n = 8 at 24 hrs, and Live-P, n = 7 and Die-P, n = 7 at 48 hrs. Mice with an indeterminate IL-6 level were excluded from further analysis.
Finally, a group of eight mice received 50 μL normal saline by intratracheal instillation (25) as a negative control. Another group of eight mice were inoculated with 5 × 10 7 colony-forming units of P. aeruginosa to induce lung injury as a positive control. The same parameters, as for the experimental mice, were measured. Eighteen hours after intratracheal administration of either normal saline or bacteria, all control mice underwent the previously described procedures and were euthanized.
Sepsis Model
CLP was performed as first described (26) with minor modifications (27) . Under continuous 3% isoflurane anesthesia, a 2-cm long midline abdominal incision was performed, the cecum ligated, and then triple punctured with a 16-gauge needle to induce approximately 50% mortality. Antibiotic treatment with 25 mg/kg imipenem (Merck, West Point, PA) started 2 hrs after surgery and continued every 12 hrs for the first 5 days (for the mice followed for survival; mice euthanized at 24 hrs received the two doses on the first day and a third dose in the morning of the second day; mice euthanized at 48 hrs received the two doses on the first and second days and a fifth dose in the morning of the third day). Pain control for CLP mice was achieved with 0.05 mg/kg buprenorphine every 12 hrs for the first 2 days postoperatively (a total of three doses for those euthanized at 24 hrs; four doses for the mice euthanized at 48 hrs or followed for survival).
Whole Body Plethysmography
Respiratory parameters were measured using a whole body plethysmography system (Buxco Research Systems, Wilmington, NC) before CLP and repeated at either 24 or 48 hrs post-CLP, immediately before euthanasia. Measurements included respiratory rate, tidal volume, and peak inspiratory and expiratory flow. Mice were individually placed into the chamber of the plethysmograph and left to acclimate for 10 mins as previously described (28) . Mice were conscious and unrestrained, and they showed normal exploratory behavior. Respiratory measurements were also collected at baseline and 18 hrs after intervention for control mice receiving normal saline or P. aeruginosa.
Blood and Lung Sampling
At 24 and 48 hrs post-CLP, 20 μL of blood was collected by facial vein puncture as described (29) for a complete blood count with differential with a Hemavet instrument (CDC Technologies, Oxford, CT). After whole body plethysmography measurements at 24 and 48 hrs, the mice were anesthetized with a solution of 87 μg/g ketamine and 13 μg/g xylazine in normal saline. Using a dissecting microscope, a midline ventral neck incision was made from the mandible to the sternal notch. The fascia and strap muscles were bluntly dissected until the carotid artery was exposed, and it was clamped distally to engorge the vessel with blood. The carotid artery was punctured with a 30-g heparin-rinsed syringe and 100 μL blood was collected for arterial blood gas. An iSTAT analyzer (Abbott Laboratories, Princeton, NJ) with CG4+ cartridges was used for arterial blood gas measurement. The remainder of the blood volume was collected in a separate syringe and mixed with 50 μL of 169 mM EDTA.
Single-lung BAL was performed followed by formalin fixation of the contralateral lung. The thorax was opened with a midline incision through the sternum to expose the heart and lungs. The left lung hilum was clamped closed. Right-sided BAL was performed by exposing the trachea and cannulating it with a polyethylene catheter and then the right lung was lavaged with a total of 2.5 mL of warm Hanks' balanced salt solution (Mediatech, Herndon, VA). The 0.5-mL and two subsequent 1-mL aliquots were centrifuged separately and the supernatant from the first wash was stored at -80˚C for subsequent measurement of cytokines, total protein, albumin, and IgM. The supernatant from the second wash was discarded and the three pellets were resuspended in Hanks' balanced salt solution and combined. A total cell count was performed with a Beckman-Coulter particle counter model ZF (Coulter Electronics, Hialeah, FL) and a differential count was obtained by counting 300 cells on cytospin slides stained with Diff-Quick (Baxter, Detroit, MI). after lavage, the right hilum was clamped and tied off distally with 4-0 silk. The right lower lobe was used to determine the wet/dry ratio and the remainder of the right lung was stored for the MPO assay. Next, a syringe filled with 10% buffered formalin at 25 cm water pressure was connected to the tracheal catheter and the left lung clamp was released to insufflate the lung for 2 mins. The left lung was removed and placed into 10% formalin for fixation and histological analysis.
Histopathology
Formalin-fixed lung tissue was embedded in paraffin and sectioned at 5 μm for routine histology. Slides were stained with hematoxylin and eosin and evaluated in a blinded manner by a board-certified pathologist (D.G.R.). Edema, hyperemia, congestion, neutrophil margination and tissue infiltration, intra-alveolar hemorrhage and debris, and cellular hyperplasia were evaluated to establish the presence or absence of lung injury as previously described (30) .
MPO Assay
The MPO assay was performed as previously described with minor modifications (31) . The absorbance was read at 450 nm and data was expressed as ΔOD (the difference between the average absorbance of the three substrate wells and the three background wells for the same sample).
Total Protein, Albumin, and IgM BAL fluid total protein was measured with the Coomassie protein assay using Bradford Reagent (Sigma-Aldrich, St. Louis, MO) for detection and bovine serum albumin for the standard and absorbance was read at 590 nm. Albumin and IgM levels in the BAL fluid were measured by enzyme-linked immunosorbent assay as previously described (32, 33) .
Enzyme-Linked Immunosorbent Assay and Microarray Immunoassay
An aliquot of the 1:10 diluted plasma collected at 24 hrs from all the mice was used to determine the IL-6 concentration by enzyme-linked immunosorbent assay as previously described (34) . A separate plasma aliquot was stored and used to measure a variety of pro-and anti-inflammatory cytokines using the sequential enzyme-linked immunosorbent assay technique (35) . This analysis was also performed on the supernatant of the BAL fluid.
Statistical Analysis
Data were analyzed with Prism 5 (GraphPad Software, San Diego, CA). Results were reported as mean ± sem unless otherwise noted. Nonparametric analyses were performed Figure 1 . Confirmation of the accuracy of survival prediction based on interleukin (IL)-6 concentrations in plasma collected at 24 hrs after cecal ligation and puncture (CLP). Blood was collected by facial bleeding and the plasma IL-6 levels were determined. Die-P mice (n = 7) had plasma IL-6 levels >12 ng/mL, Live-P mice (n = 34) had levels <1.5 ng/mL, whereas the indeterminate group (n = 6) had IL-6 levels between those values. For predicting survival to Day 5, the 24-hr IL-6 levels had 100% specificity and 100% sensitivity using the two distinct discrimination points. All of the Die-P mice died within 72 hrs of CLP.
because the data were not normally distributed. For multiple group comparisons, a Kruskal-Wallis test with Dunn's post hoc test for pairwise comparisons was done. To demonstrate that bacteria pneumonia induced lung injury, these values were compared with normal saline values with the Mann-Whitney test. Because the major goal of the study was to determine if mice predicted to die had lung injury compared with mice predicted to live, these two groups were directly compared with the Mann-Whitney test. Power analyses were performed with PS software Version 3.0 (Nashville, TN) using a Type I error probability of 0.05 with a power of 0.9 to determine the sample size necessary to reject the null hypothesis.
RESULTS
Survival Prediction
To perform a systematic assessment of potential lung inflammation or injury in the CLP-induced sepsis model and cor- Figure 2 . Pulmonary respiratory parameters measured by whole body plethysmography 24 and 48 hrs after cecal ligation and puncture (CLP). Septic mice were separated in predicted to live until 5 days postcecal ligation and puncture, 24-hr Live-P (n = 5), and 48-hr Live-P (n = 7), or die by Day 5, 24-hr Die-P (n = 10), and 48-hr Die-P (n = 4) based on the plasma interleukin-6 cutoffs. Two control groups of mice that were not subjected to cecal ligation and puncture, normal saline (n = 8), and bacteria (n = 8) were included in the analysis. The respiratory rate (A), peak inspiratory flow (B), and peak expiratory flow (C) were decreased in the septic mice predicted to die compared with the predicted to live group at 24 hrs. By 48 hrs, respiratory parameters for Live-P and Die-P mice were improving. Despite these changes, the tidal volume was equivalent for CLP mice compared with normal saline (D), except for 24-hr Die-P whose death was usually imminent. Values are mean ± SEM. There were significant differences among all the groups for all panels, p < 0.001. The differences between paired groups is indicated by the line. **p < 0.01, # p < 0.001 for bacteria vs. normal saline.
relate the results with outcome, mice needed to be euthanized and samples collected before animals dying from sepsis. Plasma IL-6 accurately predicts mortality in CLP mice (36) (37) (38) . A recently described dual cutoff system (29) that eliminates the compromise between sensitivity and specificity of a single cutoff was used to predict outcome in this study. Specifically, an IL-6 concentration over 12 ng/mL at 24 hrs post-CLP predicted death by Day 5 with 100% specificity (only true-positives, Die-P) and a value under 1.5 ng/mL predicted survival by Day 5 with 100% sensitivity (only true-negatives, Live-P). IL-6 levels in between the two cutoffs were considered indeterminate. In the current study, this was verified in a group of 48 mice that had blood collected at 24 hrs post-CLP and were followed for survival until Day 28 (Fig. 1) . All mice in the Die-P group died before Day 5 (100% specificity), whereas all of the Live-P survived in the same timeframe (100% sensitivity), confirming the accuracy of the IL-6-based prediction of outcome and actual survival. The predictive cutoffs were subsequently used to compare lung injury parameters in Live-P and Die-P mice.
Respiratory Physiology
Physiological respiratory parameters were measured using whole body plethysmography and the values obtained before surgery for the mice undergoing CLP (data not shown) as well as values for the negative control mice without surgery were within published normal ranges for all the parameters measured (39) . There were significant differences between mice given pulmonary exposure to normal saline compared with those with pneumonia in several respiratory parameters including respiratory rate, peak inspiratory flow, and peak expiratory flow ( Fig. 2A-C) . There were also significant decreases in these parameters between the mice predicted to live and those predicted to die at 24 hrs, which resolved by 48 hrs. Despite these alterations, the tidal volume was equivalent for CLP mice compared with normal saline, except for 24-hr Die-P whose death was usually imminent (Fig. 2D ). Although the septic mice take fewer and slower breaths, both Live-P and Die-P animals were primarily capable of maintaining a normal tidal volume.
The most important pulmonary function is performing the gas exchange necessary for maintaining the supply of O 2 to the tissues and eliminating CO 2 . Arterial oxygen saturation was measured from the carotid artery of mice immediately before euthanasia at 24 or 48 hrs in mice subjected to CLP and at 18 hrs for control mice receiving P. aeruginosa (bacteria) or normal saline. As seen in Figure 3 , the arterial oxygen saturation was maintained in CLP mice at both time points after sepsis for mice predicted to die as well as to live. Oxygen saturation was no different compared with normal saline controls, but gas exchange was markedly impaired in mice with bacterial pneumonia. Maintenance of a normal arterial oxygen saturation indicates that the septic mice, even those that are about to die, do not develop hypoxemia.
Lung Injury
After evaluation of the function, a structural evaluation of the lungs was performed. The early, exudative phase of lung injury is characterized in patients by bilateral infiltrates on chest xray, which corresponds to interstitial and alveolar edema formation (6) .
Pulmonary edema is composed of protein-rich fluid resulting from an increase in vascular permeability (40) (41) (42) . The concentrations of total protein, albumin, and IgM were measured in the BAL fluid. In this study, there were similar amounts of total protein, albumin, and IgM in CLP mice compared with normal saline and no difference between Die-P and Live-P mice at either 24 or 48 hrs (Fig. 4) . In contrast, bacterial pneumonia resulted in markedly increased levels compared with all other groups. This demonstrates that there was no significant protein extravasation into the airways of either Die-P or Live-P septic mice and suggests that the alveolocapillary barrier remained intact. Our findings demonstrate that there is no significant lung injury in septic mice at 24 and 48 hrs after the onset of sepsis. A sample size calculation was performed because there was a slight increase in total protein, albumin, and IgM in the Die-P compared with the Live-P. To reach statistical significance would have required 672 mice in each group for the albumin measurements.
Accumulation of neutrophils in the lungs may cause severe degradation of the lung tissue through release of proteases and formation of reactive oxygen species (30, 43) . To determine their presence in the alveolar space, lung parenchyma, and circulation, neutrophil counts were measured in euthanized mice. Photomicrographs of representative cytospin slides demonstrate only alveolar macrophages in BAL recovered from normal saline mice (Fig. 5A) , Live-P mice ( Fig. 5C and E) and Die-P mice ( Fig. 5D and F) . In contrast, bacterial pneumonia (Fig. 5B ) showed a predominance of neutrophils with an increase in red blood cells. Quantitatively, BAL fluid at 24 and 48 hrs after CLP showed no influx of neutrophils in the airways of septic mice (Fig. 5G) vs. bacteria. In addition, there were similar numbers of alveolar macrophages (Fig. 5H ). There were so few neutrophils in the CLP mice that sample size calculation could not be performed.
MPO is frequently used to measure the presence of neutrophils in tissues (44, 45) . MPO activity did not increase in any of the septic groups of mice compared with normal saline (Fig. 6A) . However, mice receiving bacteria had a significant increase in lung MPO compared with the normal saline control. Leukopenia and neutropenia were present at the 24and 48-hr time points in both groups of septic mice ( Fig. 6B and C). Again, bacterial pneumonia led to a decrease in white blood cells and neutrophils compared with normal saline. The data presented in Figures 5 and 6 indicate that there is no significant recruitment of neutrophils to the lungs of the septic mice that could lead to organ injury in these mice, regardless of their ultimate survival outcome.
To confirm the lack of neutrophil recruitment and edema formation in the lungs of the septic mice, microscopic examination of hematoxylin and eosin-stained lung sections from all groups was performed. Figure 7A shows representative images from 48-hr Die-P and Live-P mice as well as a mouse given normal saline or bacteria. There were no visible neutrophils in the alveoli and interstitial spaces of either the Die-P or Live-P mice confirming the results from the BAL cytospin slides. No indication of protein leakage into the alveolar space was found with no detection of hyaline substance accumulation or edema fluid, confirming the protein measurements in Values are mean ± SEM. There were significant differences between all the groups, p < 0.001, but there was no difference between Live-P and Die-P mice at either 24 or 48 hrs. # p < 0.001 for bacteria vs. normal saline. Figure 4 . Conversely, mice given bacteria exhibited significant edema, hyperemia, congestion, neutrophil margination and infiltration, hemorrhage, and the presence of debris. Histological scoring of the lungs is shown in Figure 7B , illustrating that the groups of septic mice and normal saline are comparable while bacteria is markedly elevated. All of these parameters demonstrate that there is no significant lung injury in CLP-induced sepsis at 24 and 48 hrs in the acute phase.
Lung Inflammation
Finally, the presence of pulmonary inflammatory mediators was tested by measuring the local concentration of cytokines in the BAL fluid of the mice euthanized at 24 and 48 hrs. The systemic plasma levels were also measured to provide a general context for the local levels (data not shown). As expected, systemic levels of IL-6 were significantly increased in Die-P compared with Live-P mice. The BAL fluid concentration of Neutrophil extravasation in the airways did not occur in either mice predicted to die or live septic mice. G, total neutrophil count; and H, the macrophages recovered from the airways by BAL 24-hr Live-P (n = 5), 24-hr Die-P (n = 5), 48-hr Live-P (n = 7), 48-hr Die = P (n = 9), normal saline (n = 8), bacteria (n = 8). Values are mean ± SEM. There were significant differences among all the groups, p < 0.001, but there was no difference between Live-P and Die-P mice at either 24 or 48 hrs. *p < 0.05, # p < 0.001 for bacteria vs. normal saline. six cytokines including IL-6, macrophage inflammatory protein-2, tumor necrosis factor-α, tumor necrosis factor soluble receptor I and II (tumor necrosis factor sr I and tumor necrosis factor sr II), and IL-1 receptor antagonist (IL-1rα) was similar in the groups of septic mice as seen in Figure 8 . Importantly, the bacterial pneumonia caused a significant increase in each of the BAL cytokines. Overall, only specific systemic cytokines were upregulated, which did not translate into lung injury, and there was no appreciable local inflammation.
DISCUSSION
Approximately 40% of sepsis patients develop ALI/ARDS, making sepsis the most common cause for ALI/ARDS (7, 8, 46) . However, development of lung injury alone does not necessarily translate into increased mortality. Among the models used to study sepsis-induced ALI, CLP has received the least emphasis (12) . The question of whether lung injury or inflammation develops in the septic mice predicted to die compared with those predicted to survive was investigated during the acute phase of sepsis when 100% of the mortality in the mice predicted to die will occur. The data provide evidence of increased systemic inflammation in the mice that were predicted to die, but no signs of lung injury for any of the septic mice, survivors, and nonsurvivors, and consequently no correlation of lung injury with survival. The lung injury parameters used in this study were appropriate as demonstrated by the bacterial pneumonia model.
Stratification of septic mice into groups predicted to live or die based on plasma IL-6 has been successfully used before by our laboratory to show that high-dose glucocorticoid therapy improves survival of the mice predicted to die (36) . We also used it to demonstrate that increased early neutrophil recruitment at the focus of infection increases bacterial clearance and improves survival (29) . Another group used biomarker measurements to show that early antibiotic treatment also saves a portion of the mice that would be predicted to die (47) . The biomarker prediction approach allows for powerful experiments in which mice that have been subjected to a similar septic insult but with different survival outcomes can be euthanized and samples collected knowing their ultimate fate. In this study, an optimized dual cutoff system that allows a more precise separation of mice predicted to live or die (29) was used to investigate the pulmonary pathophysiology of sepsis, namely the development of lung injury or lung inflammation.
We evaluated lung injury 24 and 48 hrs after CLP. Previous studies indicated that the pathological hallmarks of neutrophil recruitment and edema formation are present at 24 hrs (15, 18, 48, 49) . Other studies however indicate that lung injury may happen only later with signs of it occurring at 48, 72, or even 96 hrs post-CLP (16, 19, 50, 51) , yet other studies suggest that lung injury does not develop when CLP is used as a singlehit model but only occurs when it is preceded by a priming event like hemorrhagic shock (17, 52, 53) or succeeded by a direct pulmonary insult caused by immune complexes or lipopolysaccharide (54) . Within this spectrum of the literature, our study concurs with those that do not find lung injury in the CLP model of sepsis. Because our study attempts to prove a negative, that is, no lung injury, we rigorously quantified 12 different parameters of lung injury. A possible explanation for this overall range and the placement of our findings could be explained by the severity of the sepsis model used. CLP mortality rates are not always reported and recent articles emphasize the importance of this factor because the underlying pathology and/or success of treatment strategies varies with sepsis severity (55, 56) . Most of the articles examining CLP-induced lung injury fail to report the mortality rate and those that do have 100% mortality within the first 5 days (16, 18, 48) . A very severe model of sepsis that results in the death of all the animals could show signs of lung injury, yet findings in such a model would be hard to correlate with the pathophysiology in human sepsis . Septic mice had a decreased number of neutrophils in the blood 24 and 48 hrs after cecal ligation and puncture but this did not translate in an increased recruitment to the lung. Values are mean ± SEM. There was no significant difference between the groups for MPO by Kruskal-Wallis. For the other panels there was a significant difference between the groups, p < 0.001, but there was no difference between Live-P and Die-P mice at either 24 or 48 hrs. **p < 0.01, # p < 0.001 for bacteria vs. normal saline. ΔOD = the difference between the average absorbance of the three substrate wells and the three background wells for the same sample.
as would findings from models producing overwhelming inflammation from endotoxin exposure (13, 57) . The 50% mortality in our sepsis model closely reproduces a typical intensive care unit mortality that ranges between 30% and 50% depending on severity and underlying condition (58) . It allows us to compare septic mice that survive with septic mice that die in the same experiment with all the mice sustaining a similar insult. Thus, pathological findings explaining midlevel severity in our model would have a higher relevance for human sepsis. However, the death of septic mice in the absence of lung injury, as observed in our study, can also be related to the situation in septic humans where lung injury alone does not increase the risk of death (9) (10) (11) .
We also attempt to reproduce the clinical situation of human sepsis by providing broad-spectrum antibiotic treatment for the mice. Our group and others have shown that this treatment greatly improves survival in sepsis, and we believe that further attempts to characterize this sepsis model or to discover therapeutic possibilities should use therapies already proven effective in human studies (47, 59) . In septic humans, organ injury happens despite intensive treatment with appropriate antibiotics, fluid resuscitation, and nutritional support (57, 60) . The majority of the studies involving murine CLP does not report whether antibiotics are used, yet antibiotic treatment may delay the signs of lung injury by 24 hrs in a model displaying 100% mortality (16) . Therefore, we measured all parameters at both 24 and 48 8 . Local levels of cytokines at 24 and 48 hrs after cecal ligation and puncture. There was no difference in bronchoalveolar lavage (BAL) levels of interleukin (IL)-6, macrophage inflammatory protein (MIP)-2, tumor necrosis factor (TNF)-α, TNF soluble receptor I (TNF sr I), TNF soluble receptor II (TNF sr II), or IL-1 receptor antagonist (IL-1rα). BAL group size was 24-hr Live-P (n = 5), 24-hr Die-P (n = 8); 48-hr Live-P (n = 3), 48-hr Die-P (n = 6), normal saline (n = 8), bacteria (n = 8). Values are mean ± SEM. There were significant differences among all the groups, p < 0.001, but there was no difference between Live-P and Die-P mice at either 24 or 48 hrs. *p < 0.05, **p < 0.01, # p < 0.001 for bacteria vs. normal saline.
hrs. Of note, all of the mice died by 72 hrs so the 48-hr Die-P data were collected within a time window no more than 24 hrs before death. The fact that hypoxemia was not present in any of the septic mice throughout the acute phase, defined as the first 5 days post-CLP in survivors or until death in nonsurvivors (data not shown), indicates that lung injury was indeed absent.
Protein-rich lung edema caused by an increase in vascular permeability is the principal pathological finding early in the evolution of ALI/ARDS (61) . The alveolar flooding and alveolar collapse (caused by interstitial edema) led to a decrease in compliance. These changes, coupled with surfactant dysfunction (62) as well as ventilation and perfusion mismatching (63) , are the primary causes for the perturbation of lung gas exchanges in ALI/ARDS. Protein content is not frequently measured but some studies report an increase (19, 51) and the studies that did not report injury indicate low protein levels (17, 53) . We did not find evidence of lung edema because both dying and surviving septic mice had no extravasation of protein in their alveoli based on the levels measured in their BAL fluid. These results were confirmed by histological examination of the lungs. In the absence of edema, gas exchange in the lung should have been normal and this study confirmed by arterial blood gas that septic mice, even those that are dying of the disease, do not develop hypoxemia.
CONCLUSIONS
This study evaluated whether lung injury develops in the murine CLP model of sepsis. We found that the mice predicted to die demonstrate no signs of lung injury. Overall, the data strongly suggest that lung injury does not cause acute mortality in the murine CLP model of sepsis.
